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Veteran C/EBP: Net Transcriptional
Proceeds for Long-Term Facilitation
Long-term changes in synaptic plasticity require new
protein synthesis. This preview discusses data from
Kim et al. (this issues of Neuron) that demonstrate
the requirement of a novel, nucleolar protein, LLP
(LAPS18-like protein), for the formation of long-term
facilitation in Aplysia. LLP binds to and transcription-
ally activates C/EBP, thereby promoting the formation
of long-term facilitation and behavioral sensitization.
The formation of long-term memory depends on persis-
tent changes in synaptic structure and efficiency. Al-
though the dependency of long-lasting memory on de
novo gene expression is well established (Bailey and
Kandel, 1993; Castellucci et al., 1989; Davis and Squire,
1984), elucidation of the molecular basis of memory re-
mains an intense area of investigation. As additional
proteins are found to be necessary for long-term mem-
ory, clarification of their roles in synaptic plasticity re-
mains a challenging task. Progress toward these goals
depends on research carried out in a variety of organ-
isms, with invertebrates such as Drosophila and Aplysia
often leading the way.
The marine snail Aplysia is a useful model organism
to study transcription-dependent plasticity, due to the
small number, but large size, of its neurons and the abil-
ity to recapitulate synaptic events involved in its behav-
ior in vitro (Castellucci et al., 1989). The involuntary reflex
withdrawal of the Aplysia gill and siphon following nox-
ious stimuli is potentiated by a shock to the tail, a phe-
nomena known as sensitization. The neural changes
that accompany sensitization involve direct, monosyn-
aptic connections from Aplysia mechanosensory neu-
rons to the gill motor neurons (Brunelli et al., 1976). While
the administration of one shock to the tail induces onlyshort-term facilitation and sensitization, several shocks
cause long-term facilitation (LTF) at the synapse in-
volved in the gill-withdrawal reflex (Castellucci et al.,
1989). In this issue ofNeuron, Kim and colleagues report
that a novel nucleolar transcription factor, ApLLP
(LAPS18-like protein), is required for both LTF at the
sensory motor synapse as well as long-term behavioral
sensitization in Aplysia (Kim et al., 2006).
The discovery that ApLLP contains a nucleolar locali-
zation signal (Kim et al., 2003) identifies it as one of the
few transcription factors in the nucleolus known for
something other than its contribution to ribosomal bio-
genesis. The nucleolus, a distinct subnuclear entity, is
the intracellular site for ribosomal RNA (rRNA) transcrip-
tion and processing. Ribosomal processing includes
transcription of ribosomal DNA, processing of ribosomal
RNA, as well as the assembly of the ribosomal proteins
with rRNA to form the large and small preribosomal sub-
units. While not segregated from the nucleoplasm by
a membrane, the nucleolus is visible as an entity within
the nucleus due to the dense fibrillar components sur-
rounded by granules as well as the presence of the ribo-
somal DNA-containing chromatin structures.
It is intriguing to find that a nucleolar transcription fac-
tor functions as a molecular switch for the conversion of
short-term plasticity into LTF. Kim et al. observed that
an increase in ApLLP protein in mechanosensory neu-
rons causes LTF after a stimulus that normally causes
short-term sensitization (one serotonin pulse). Subse-
quently, they found that ApLLP transcriptionally acti-
vates the immediate early transcription factor C/EBP.
An analysis of the C/EBP promoter indicated that ApLLP
binds to one of three cAMP-response elements (CREs)
following neuronal activation. C/EBP is known to be re-
quired for consolidation of LTF at the sensory motor
synapse during the gill-withdrawal reflex in Aplysia
(Alberini et al., 1994), and it is activated by 5-HT and
cAMP during the formation of LTF at this synapse (Alber-
ini et al., 1994). Although C/EBP family members have
multiple roles in physiological processes, including theFigure 1. Potential Role of ApLLP Signaling
during Plasticity and Memory
Censoring the Editor in
Transient Forebrain Ischemia
A molecular explanation for why some neurons are
more vulnerable than others to ischemic injury has
long remained elusive. In this issue of Neuron, Peng
et al. propose that CREB-dependent downregulation
of the RNA editing enzyme ADAR2, resulting in defec-
tive Q/R editing of AMPA receptor GluR2 subunits and
increased availability of calcium and zinc-permeable
death-promoting AMPA receptors, underlies the vul-
nerability of some neuronal populations to ischemia.
Stroke, because of occlusion or rupture of an artery, is
a leading cause of death or infirmity in developed coun-
tries. In stroke, lack of blood flow to the brain (ischemia)
results in excessive release of the neurotransmitter glu-
tamate into the extracellular space. For over two de-
cades, it has been known that this glutamate release ac-
tivates ionotropic glutamate receptors, causing calcium
entry, excitotoxicity, and neuronal death in vulnerable
brain regions (Simon et al., 1984; Szatkowski and
Attwell, 1994; Lo et al., 2003). What has thus far re-
mained less clear is the specific role of different types
of Ca2+-permeable glutamate receptor in precipitating
cell death and why neurons in some regions of the brain,
including hippocampal CA1 pyramidal neurons, striatal
spiny neurons, and cortical projection neurons, are
more vulnerable to glutamate mediated excitotoxicity
(Simon et al., 1984; Pellegrini-Giampietro et al., 1997;
Lo et al., 2003).
In the central nervous system (CNS), activation of ion-
otropic glutamate receptors allows a rapid influx of
ions across the neuronal membrane, mediating fast
excitatory synaptic transmission. Ionotropic glutamate
receptors are also critical for synaptic plasticity and
learning and memory. However, excessive activation of
glutamate receptors in pathological conditions, such as
anoxia or ischemia, precipitates excitotoxic neuronal
death in vulnerable neuronal types by allowing an exces-
sive influx of Ca2+, Na+, and Zn2+ ions into the cell (Lo
et al., 2003). There are three main classes of ionotropic
glutamate receptor: NMDA, AMPA, and kainate recep-
tors. Because all NMDA receptors are permeable to cal-
cium, initial studies focused on the role of these recep-
tors in ischemic injury (Simon et al., 1984; Lo et al.,
2003). More recently, however, attention has turned to
a critical role that is also played by Ca2+-permeable
AMPA receptors. AMPA receptors (AMPARs) are hetero-
meric assemblies of subunits GluR1– GluR4. AMPARs
lacking GluR2 subunits are permeable to Ca2+ and
Zn2+, can be blocked by intracellular polyamines, and ex-
hibit an inwardly rectifying current-voltage (I-V) relation.
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646development and production of adipocytes (Rosen
et al., 2000), their exact role in synaptic plasticity is still
a mystery, and a limited number of C/EBP target genes
have been identified in neurons (for a review see Ramji
and Foka, 2002).
The C/EBPb message and protein are both increased
in the hippocampus following hippocampus-dependent
learning (Taubenfeld et al., 2001b). Moreover, inhibition
of C/EBPb expression in the hippocampus by adminis-
tration of antisense oligonucleotides has been reported
to cause severe deficits in hippocampus-dependent
memory in mice (Taubenfeld et al., 2001a). Because
the administration of CRE oligonucleotide decoys com-
pletely blocks expression of C/EBPb during training for
contextual memory, increased expression is thought
to be mediated through CRE-mediated transcription
(Athos et al., 2002). The discovery that ApLLP is required
for LTF and functions as a link between serotonin acti-
vation of adenylyl cyclase and C/EBP expression is an
intriguing discovery that underscores the potential im-
portance of this novel protein in the C/EBP signaling
cascade.
C/EBP has been implicated in synaptic plasticity in
both vertebrates and invertebrates using a variety of
technologies. The signaling pathway in Aplysia is sche-
matically illustrated in Figure 1. It remains to be seen
whether a similar nucleolar mechanism exists in mam-
malian systems, and this will clearly be an important
area of investigation in the future. Other questions re-
main as well. For example, how does cAMP signaling
regulate ApLLP expression? Is the nucleolar localization
of ApLLP significant for its pivotal role in the induction
of LTF? More broadly, how does an increase in C/EBP
protein contribute to long-term changes in synaptic
strength during synaptic potentiation? The results of
Kim and colleagues are provocative and provide the
field with many new avenues to pursue in the future.
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